INTRODUCTION
Historically, dispersal by flight has been considered essential for the success of insect species exploiting temporary habitats (Southwood 1962 (Southwood , 1977 ). In contrast, dispersal in persistent habitats is not nearly as in persistent compared to temporary habitats (Roff 1990 , Denno et al. 1991 . Despite the abundance of theory that predicts elevated levels of dispersal in ephemeral, patchy habitats (Reddingius and den Boer 1970 , Roff 1974a , b, 1986a , 1990 , Denno 1983 , Fahrig 1990 ), there have been few rigorous empirical studies documenting an inverse relationship between habitat persistence and the incidence of dispersal (see Roff 1990 , Denno et al. 1991 .
Several factors have hindered investigations of the relationship between habitat persistence and dispersal. First, determining the fraction of potential dispersers in a population is problematic because many insect species are monomorphic for wing length and potential dispersers are not easily differentiated from nondispersers (Denno 1994b) . Second, quantifying habitat persistence is not easy because it requires a knowledge of the length of both the time a habitat remains suitable for development and the generation time of the organism in question (Southwood 1962 , Southwood et al. 1974 , Roff 1990 , Denno et al. 1991 ). Third, variation in dispersal capability is often greater among related species (e.g., the flightless and volant species of grasshoppers, crickets, water striders, planthoppers, and ground beetles) than it is among populations of the same species (Vepsalainen 1978 , den Boer et al. 1980 , Roff 1990 , Denno et al. 1991 , Denno 1994b . As a consequence of these difficulties, most insect studies assessing the relationship between habitat persistence and the incidence of dispersal have been qualitative in nature, have relied on interspecific comparisons (reviewed in Roff 1990), and are possibly confounded by phylogenetic nonindependence (Wagner and Liebherr 1992, but see Denno et al. 1991) .
A less confounded approach is to study intraspecific variation in the incidence of dispersal among populations and the underlying cause of this variation. Planthoppers in the genus Prokelisia (Homoptera: Delphacidae) exhibit intraspecific geographic variation in dispersal tendency (Denno et al. 1991 , Denno 1994b , and thereby provide a unique opportunity to explore the effect of habitat persistence on the incidence of flight capability. Furthermore, Prokelisia planthoppers are wing dimorphic, facilitating the identification of potential dispersers in different populations (Denno et al. 1987 , Denno and Roderick 1990 , 1992 .
Two congeners, Prokelisia marginata and P. dolus, are native residents of the intertidal marshes along the Atlantic, Gulf, and Pacific coasts of North America where they feed and develop exclusively on cordgrass (Spartina) (Denno et al. 1987 , Denno 1994a . Spartina occupies a variety of saltmarsh habitats at both north temperate and subtropical latitudes, and is exposed to significant geographic variation in winter disturbance and tidal inundation (Blum 1968 , Kirby and Gosselink 1976 , Turner 1976 , Denno and Grissell 1979 , Zedler et al. 1992 . Such variation in disturbance may influence the persistence of Spartina habitats for plant-hopper exploitation. Thus, this system offers a novel opportunity for testing the hypothesis that intraspecific variation in dispersal capability parallels variation in habitat persistence. In this report, we first establish the primary habitat for development of each Prokelisia species over a broad geographic scale and assess the ability of each to remain in that habitat year-round. Second, we detail intraspecific variation in the dispersal capability of Prokelisia planthoppers within and among regions. Third, we correlate variation in dispersal capability with variation in habitat persistence, as measured by the ability of planthoppers to remain throughout the year in their primary developmental habitat. Last, we provide evidence that geographic variation in the dispersal capability of each Prokelisia species is genetically based, and thereby reflects underlying variation in life history strategies. S. foliosa has a more restricted native distribution, occurring only along the Pacific coast of North America in California and Mexico (Mobberley 1956 ). This grass occurs in the San Francisco Bay area, is absent south along a 500-km stretch of coast, and appears again in southern California and Baja California where it occurs as isolated patches in secluded estuaries (Mobberley 1956 , Neuenschwander et al. 1979 , Zedler 1982 , 1993 , Roberts 1989 , Zedler et al. 1992 At most Pacific coast locations the structure of the Spartina foliosa marsh is not comparable to S. alternifiora marshes in that growth forms are not clearly distinguished (Zedler 1982 , 1993 , Zedler et al. 1992 ). Although S. foliosa occupies an elevational range from MHW to as much as 0.5 m below MHW (Ustin et al. 1982 , Zedler 1982 , it is typically limited to a narrow band of intertidal vegetation or isolated patches along the seaward edge of the marsh (Ustin et al. 1982 , Zedler 1982 , 1993 , Zedler et al. 1992 .
Geographic variation in the disturbance
and destruction of cordgrass habitats Regional differences in tidal range, tidal frequency, and winter severity influence the level of disturbance of Spartina habitats Grissell 1979, Denno 1983) . Several lines of evidence support the contention that regional variation in disturbance is greater for tallform than short-form Spartina. Throughout much of the Atlantic coast, new shoots of both growth forms appear in spring, maximum live biomass is attained during summer or early fall, and plants begin to senesce in late fall (Blum 1968 , Squiers and Good 1974 , Denno and Grissell 1979 . On the high marsh, the dead rosettes of short-form Spartina remain in place over winter and then decay during the course of the next season (Squiers and Good 1974) . In stark contrast, the action of winter tidewaters, winds and shifting ice shear off the culms of tall-form plants leaving exposed creek banks often free of litter (Denno and Grissell 1979; Fig. IA and B) Data from one New Jersey population suggest that the primary habitat for development differs between P. marginata and P. dolus. For P. marginata, densitydependent dispersal results in interhabitat movements between overwintering habitats on the high marsh (short-form meadows of Spartina) and summer sites for development in the low marsh (stands of tall-form Spartina) Grissell 1979, Denno et al. 1985) . By contrast, P. dolus is a much more sedentary species, which appears to both overwinter and develop on the high marsh (Denno et al. 1987 ). However, it has not been established whether this difference in habitat selection between the two species is consistent throughout their range in North America.
Geographic variation in the dispersal capability of Prokelisia planthoppers has been suggested on the basis of studies at a few locations on the Atlantic and Gulf coasts (Denno and Grissell 1979, McCoy and Rey 1981, Wilson 1982, Strong and Stiling 1983
). For example, the incidence of macroptery in one New Jersey population of P. marginata is much higher (>80%) than that reported for two neighboring Florida populations on the Gulf (<10%) (Denno and Grissell 1979 , Strong and Stiling 1983 , Denno et al. 1987 ). However, broad-scale variation in wing-form composition and its underlying cause has not been thoroughly documented for either species.
HYPOTHESES CONCERNING HABITAT

PERSISTENCE AND DISPERSAL
For Prokelisia planthoppers, habitat persistence is probably determined in large part by three interacting factors: winter severity, tidal disturbance, and marsh elevation. Due to enormous regional differences in the selective destruction and disturbance of the low-marsh habitat during winter (Teal 1962 , Blum 1968 , Squiers and Good 1974 , Kirby and Gosselink 1976 , Turner 1976 , Niering and Warren 1980 , Stout 1984 , lowmarsh inhabitants should face much greater geographic variability in habitat persistence than high-marsh occupants. In particular, in regions where low-marsh habitats are destroyed or disturbed during winter (Atlantic and Pacific coasts), exploitation of these habitats must depend on annual recolonization events. Such recolonization is probably much less critical for the exploitation of either low-marsh habitats in regions with minimal winter disturbance (Gulf coast), or high-marsh habitats, which incur little disturbance in any region. -We hypothesize that in regions where planthoppers fail to remain through winter in their primary developmental habitat, high levels of dispersal capability (% macroptery) will be evident. Conversely, we predict low levels of macroptery in association with high levels of endurance through winter in the habitat where most development occurs. Limited data suggest that P. marginata is a low-marsh inhabitant, whereas P. dolus resides mostly on the high marsh (Denno and Grissell 1979, Denno et al. 1987 ). Thus, we predict that P. marginata will exhibit regional variation in levels of dispersal that parallels regional variation in low-marsh disturbance. We also predict that P. dolus will exhibit minimal variation in levels of dispersal due to the low levels of disturbance of the high marsh across all regions. We test these predictions concerning habitat persistence and dispersal by: (1) examining regional patterns of low-marsh and high-marsh occupancy by the Prokelisia species and assessing their ability to remain in their primary habitat for development yearround, (2) detailing intraspecific variation in dispersal capability (percent macroptery) within and among regions, and (3) correlating variation in dispersal capability with variation in habitat persistence, as measured by the ability of planthoppers to remain throughout the year in their primary developmental habitat.
In addition, we hypothesize that regional differences in dispersal capability are genetically based. We test this hypothesis by determining the wing-form response of Atlantic and Gulf coast populations of both Prokelisia species across a range of representative densities. Population differences in the frequency of macropter production at a common high density would be consistent with our hypothesis regarding genetic differences among populations.
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METHODS
Primary developmental habitats of planthoppers and their suitability for year-round occupancy
To determine the primary habitat for development of both Prokelisia species and to assess how well each species endures throughout the year in that habitat, we examined in detail the year-round patterns of highmarsh and low-marsh exploitation by the two Prokelisia species at one Atlantic coast location (Tuckerton, Ocean County, New Jersey). To examine these issues at a regional scale, we compared warm-season and cold-season patterns of low-marsh and high-marsh occupancy by populations on the Atlantic coast (a region experiencing extensive winter disturbance of the low marsh) and the Gulf coast (a region incurring much less winter disturbance). (SAS 1990 ). Failure to remain in one habitat year-round would be suggested by a significant effect of date and/or a significant date by species interaction, whereby one or both species shifts its distribution from one habitat to the other.
Patterns of habitat occupation at Tuckerton, New Jersey were determined by sampling Prokelisia planthoppers in both low-marsh (tall-form) and high-marsh (short-form) habitats on six dates throughout the year
We also determined at a regional scale the primary habitat for development of both Prokelisia species, and the ability of each species to endure throughout the year in that habitat. To do so, we compared warmseason and cold-season patterns of low-marsh (tallform) vs. high-marsh (short-form) occupancy between populations on the Atlantic coast and the Gulf coast. For each geographic location, the proportion of both P. marginata and P. dolus occupying the low-marsh habitat was determined from the pooled totals of adults from three sweep-net samples (one sample = 25 sweeps with a 36 cm diameter net) (see Appendix for locations and sample sizes). To determine seasonal differences in habitat occupation between regions, samples were divided into: (1) warm-season samples (late spring, summer, and fall), and (2) cold-season samples (winter or immediately after winter). These temporal categories were explicitly established in order to assess habitat occupation during the cold season when low-marsh disturbance is maximal and planthoppers have not yet undergone spring migration, as well as during the warm season after such migrations to the low marsh have occurred (see Denno 1983 , Denno et al. 1985 , 1986 , Antolin and Strong 1987 . The effect of region (Atlantic and Gulf), season (warm and cold), species (P. marginata and P. dolus), and their interaction on the angular-transformed proportion of adult planthoppers in the low-marsh habitat was assessed using ANOVA and specific means were compared using Sidak's adjustment for multiple comparisons (SAS 1990) . A regional difference in planthopper endurance in the low marsh would be indicated by a significant region by season interaction in which the proportion of the population in the low marsh declines more during the cold season in one region than the other. The Pacific coast region was excluded from this analysis because we were unable to obtain a sufficient number of cold-season samples (northern California), and because the distinction between high-marsh and low-marsh habitats is often ambiguous on southern California marshes due to the small patch size of Spartina and its rather homogeneous growth form.
Geographic variation in the dispersal capability of planthoppers
To detail geographic variation in the dispersal capability of both P. marginata and P. dolus, we sampled planthoppers from 112 locations along the Atlantic, Gulf, and Pacific coasts (see Appendix for locations and sample dates). At each location, three sweep-net samples were taken in both low-marsh (tall-form Spartina) and high-marsh habitats (short-form Spartina). Sweep samples of planthoppers were placed in ethyl alcohol (95%) and returned to the lab for censusing. Subsequently, all planthoppers in each sample were sorted by species and wing form and counted.
The dispersal capability of the Prokelisia species at each geographic location was estimated by determining the percentage of macropters (no. macropters/[no. macropters + brachypters]) in pooled samples of all conspecific adults from all habitats. The effects of region (Atlantic, Gulf, and Pacific), Prokelisia species, and their interaction on macroptery (angular-transformed percentage) were determined using ANOVA and means were compared using Sidak's adjustment for multiple comparisons (SAS 1990). For each species, a site was included in this analysis only if 25 or more adults of that species were obtained from the pooled samples. For P. marginata, 13, 20, and 28 sites were included, and for P. dolus, 8, 23, and 53 sites were available from the Pacific, Gulf, and Atlantic coasts, respectively (see Appendix).
Relationship between habitat persistence and dispersal capability
To test the hypothesis that levels of dispersal increase with decreasing habitat persistence, we determined the relationship between the dispersal capability (percent macroptery) of Prokelisia planthoppers and their ability to endure through winter in their primary habitat for development. We reasoned that in regions where planthoppers fail to endure through winter in their primary habitat for development, high levels of dispersal capability (percent macroptery) should be evident in order to facilitate the recolonization of this habitat from overwintering sites. As an index of habitat persistence for each species, we determined the proportion of that species' population occupying the primary habitat for development (low marsh for P. marginata and high marsh for P. dolus) during or just following winter. For example, a small proportion of a P. marginata population in the low marsh (relative to the high marsh) just after winter, would be indicative of poor persistence of the low marsh habitat. As above, this mean proportion was calculated from the pooled sum of three sweep samples taken in both low-marsh and high-marsh habitats at each location. This proportion was then regressed against the level of macroptery (percent) observed in the field during the growing season (late spring through fall) for P. marginata and for the two Prokelisia species combined. In all, data from 17 locations were available for analysis, 9 for P. marginata (5 Atlantic, 3 Gulf, and 1 Pacific) and 8 for P. dolus (5 Atlantic and 3 Gulf) (see Appendix). Data for the one Pacific coast population of P. marginata were taken from Roderick (1987). Evidence that regional differences in dispersal capability are genetically based To investigate a possible genetic basis for the regional differences in dispersal capability (percent macroptery) observed in field populations of both Prokelisia species, we raised individuals from one Atlantic and one Gulf coast population across the same range of densities in the laboratory and compared their density-wing form responses. The density-wing form response was compared between P. marginata populations from Tuckerton, New Jersey and Cedar Key, Florida, and between P. dolus populations from Tuckerton, New Jersey and East Tampa, Florida.
Plants containing eggs from East Tampa (P. dolus), Cedar Key (P. marginata) and Tuckerton (both species) were transplanted into pots on 20 May, 31 May, and 20 July 1987, respectively. First-instar nymphs hatching from these eggs were used to establish three conspecific density treatments ( density (3, 11, and 40) , and their interaction on macroptery (percent) were determined using ANOVA, and means were compared using Sidak's adjustment for multiple comparisons (SAS 1990).
Because the eggs used in this experiment were taken from a largely macropterous population in New Jersey and a primarily brachypterous population in Florida, it could be argued that maternal effects might contribute to any observed differences in wing form between populations. However, for several planthopper species, including P. marginata, there is no clear relationship between the wing form of parents and offspring (Kisimoto 1965, Raatikainen 1967, Roderick 1987), suggesting that such maternal effects are minimal or nonexistent.
RESULTS
Primary developmental habitats of planthoppers and their suitability for year-round occupancy
Seasonal patterns of low-marsh and high-marsh occupation by the two Prokelisia species were assessed in detail at Tuckerton, New Jersey, where destruction of the low-marsh habitat occurs annually during winter (Fig. iB) . Following winter in early May, most of the population of both species (-90%) occurred on the high marsh (Fig. 2) . The small fraction of adults sampled in the low marsh at this time (10% of the population) was probably an overestimate, due to the difficulty of timing the sample after nymphs begin molting to adults yet before those adults engage in spring migration (see Denno et al. 1987 ). Despite their co-oc-Ecological Monographs Vol. 66, No. 4 currence on the marsh during winter and early spring, the two species exhibited very different patterns of habitat exploitation during summer and fall. During this time, >80% of the P. marginata population occurred in the low-marsh habitat, whereas a mere 20% of the P. dolus population occupied the low marsh. The shift in the distribution of the P. marginata population from the high to the low marsh in June corresponds with the period of spring-summer migration for this species (Denno et al. 1985, 1986, Denno 1994b) . During fall, the decline in the proportion of the P. marginata population in the low-marsh habitat is associated with the emigration of macropterous adults from tallform Spartina and their colonization of high-marsh habitats prior to the onset of winter (Denno 1983 ). Thus, P. marginata selectively exploits the low-marsh habitat for development during the summer and fall, and P. dolus remains mostly on the high marsh, its primary habitat for development, throughout the year. These differences in habitat occupancy are supported by a significant species effect (F1,14 = 171.4; P < 0.001), date effect (F5,70 = 56.4; P < 0.001), and species by date interaction (F570 = 27.1; P < 0.001) on the proportion of the adult population inhabiting the low-marsh habitat.
Habitat exploitation in the two Prokelisia species was also determined at a much larger geographic scale by comparing warm and cold season patterns of low-marsh and high-marsh occupancy between the Atlantic coast and the Gulf coast (Fig. 3) . Regardless of region, the proportion of the P. marginata population inhabiting the low marsh was significantly higher than that for P. dolus (Fspecles1,87 = 36.92, P < 0.001; FSpecles x Region187 = 2.26, P = 0.14). This pattern corroborates that the difference between the species in their primary habitat for development, which we detailed in New Jersey, also occurs over a broad geographic scale.
For P. marginata, the proportion of the population in the low marsh during the warm season was high in both Atlantic (64%) and Gulf coast regions (72%) (Fig.  3) . During the cold season, however, the proportion of the population remaining in the low marsh plummeted to 7% on Atlantic marshes, but only dropped to 40% in Gulf coast marshes. These data demonstrate that P. marginata is better able to endure winter conditions on the low marsh along the Gulf compared to the Atlantic coast. In contrast, P. dolus showed only a slight shift of the population from the high marsh to the low marsh during the warm season along the Atlantic, but exhibited no such shift along the Gulf coast (Fig. 3) . However, along both coasts, only a small proportion of P. dolus populations (<20%; Fig. 3 greater along the Atlantic than the Gulf coast (FRegon 1,87 = 7.64, P = 0.007; FRegion x season1 87 = 6.07, P = 0.047).
Geographic variation in the dispersal capability of planthoppers
Our survey revealed significant geographic variation in dispersal capability (percent macroptery) of both P. marginata and P. dolus, but the effect of region on macroptery differed between the two species Within regions, levels of macroptery remained rather constant (Figs. 4-6 ). There were a few notable exceptions to intra-regional constancy in macroptery. Higher-than-average levels of macroptery were observed in a few Texas and Louisiana populations of P. marginata and P. dolus (Figs. 4 and 5) as well as in a few mid-Atlantic populations of P. dolus (Fig. 5) . In two of these cases (64% macroptery in an eastern Texas population of P. marginata, and 84% in a Maryland population of P. dolus), we observed the aerial dispersal of macropters under population outbreak conditions.
Relationship between habitat persistence and dispersal capability
The level of macroptery (percent) was inversely related to habitat persistence (indexed as the proportion of each species' population able to endure through winter in the primary habitat for development), when only populations of P. marginata were considered in the analysis (yMacroptery = 99.7 -148.7X, R2 = 0.76, P = 0.001), and when populations of both species were pooled for analysis (yMacroptery = 89.8 -90.8X, R2 = 0.75, P = 0.001) (Fig. 7) . At Atlantic and Pacific locations, the proportion of the P. marginata population remaining through winter in the primary habitat for development (low marsh) was low (<20%), and associated levels of macroptery during the growing season were high (>75%). In contrast, the proportion of the P. marginata population remaining through winter in the low marsh on the Gulf was high (30-70%), and associated levels of macroptery were low (<15%). The proportion of P. dolus populations remaining through winter in their primary habitat for development (high marsh) was high (>70%) at all locations along the Atlantic coast and levels of macroptery were low (<35%). These results suggest that along the Atlantic and Pacific coasts, large-scale dispersal is necessary for P. marginata to recolonize the low marsh, a habitat that is unsuitable for winter survival in these regions. In contrast, the low levels of macroptery in most Gulf coast populations of P. marginata apparently reflect the ability of this species to remain on the low marsh year-round in this equitable region. 
Low levels of dispersal occur in all populations of P. dolus, a species that remains throughout the year in its primary habitat for development on the less-disturbed high marsh.
Evidence that regional differences in dispersal capability are genetically based New Jersey and Florida (Gulf) populations of both Prokelisia species differed dramatically in their tendency to produce macropters (Fig. 8) . For the two populations of P. marginata, more adults molted into macropters as rearing density increased, but the overall level of macroptery (percent) was much higher in the New Jersey population across all rearing densities Similarly, macroptery (percent) increased with crowding in both populations of P. dolus, but this response was significantly higher in the New Jersey population than the Florida population ( Fig. 8; FDensitY293 = 12.60, P < 0.001; FPopulaton 1,93 = 85.04, P < 0.001; FDenslty x Population293 = 0.76, P = 0.47).
These data suggest that selection for dispersal capability has acted differentially in these Atlantic and Gulf coast populations, resulting in a greater production of macropters at a given density in the New Jersey populations of both Prokelisia species. Not surprisingly, these density-wing form responses paralleled the incidence of macroptery observed in the field. For P. marginata, field levels of macroptery were 98% for the New Jersey population and 9% for the Florida population. Similarly, for P. dolus, field levels of macroptery were 33% and 0.6% for the New Jersey and Florida populations, respectively. Thus, interregional variation in macroptery observed in field populations of the Prokelisia planthoppers (Figs. 4-6) Of those ecological factors influencing dispersal, habitat persistence is considered to be pivotal (Southwood 1962, 1977, Southwood et al. 1974, Harrison  1980, Brown 1986, Roff 1990) . Although dispersal characters may be retained at low frequencies in per-sistent habitats if adults compete for limited resources (Hamilton and May 1977), or if winged individuals rarely fly (Fairbairn 1986 , 1988, Roff 1986a) , dispersal is essential for the tracking of changing resources in temporally and spatially heterogeneous environments (Roff 1974a, b, 1986a, Solbreck 1978, Leigh 1981) . However, there is widespread evidence that dispersal entails significant costs, due both to the failure to find suitable habitats ( persal in Prokelisia planthoppers allowed us to use macroptery as a reliable index of dispersal for assessing the relationship between habitat persistence and dispersal.
The results of this study provide strong intraspecific support for the hypothesis that geographic variation in dispersal capability is inversely related to habitat persistence (Fig. 7) . High levels of dispersal capability (92% macroptery) in Atlantic coast populations of P. marginata are associated with this species' inability to remain through winter in the low marsh, its primary habitat for development. Conversely, low levels of dispersal (17% macroptery) are affiliated with high endurance through winter in low-marsh habitats along the Gulf. There is widespread evidence in the literature that low-marsh habitats are severely disturbed by storms, tides, and shifting ice during winter along much of the Atlantic coast (Teal 1962 , Blum 1968 , Squiers and Good 1974 , Denno and Grissell 1979 , Niering and Warren 1980 , providing an explanation for the failure of P. marginata to remain year-round in the low-marsh habitat in this region (Denno and Grissell 1979 , Denno 1983 , 1988 . A similar pattern prevails in northern California where intermediate levels of dispersal (29% macroptery) occur in populations of P. marginata (Fig.  6) . In this region, low-marsh habitats are perturbed to some degree during winter, low-marsh populations of planthoppers are reduced in this season, and interhabitat dispersal between high-marsh and low-marsh habitats occurs annually (Roderick 1987).
One might ask why there is so little variation in macroptery in populations of P. marginata along the entire Atlantic coast (Fig. 4) , when the effects of ice scouring and the subsequent destruction of tall-form Spartina are much more severe to the north (Blum 1968, Squiers and Good 1974, Niering and Warren 1980 ). The answer lies in the multitude of factors that contribute to the ephemeral nature of the low-marsh habitat throughout this region. First, living culms of Spartina do not persist during winter in this habitat north of 370 N latitude (Turner 1976 ), leaving the lowmarsh habitat devoid of food and oviposition sites. Second, litter is selectively removed by tidewaters from this habitat during winter (Denno and Grissell 1979) , and protective litter is needed for the successful overwintering of Prokelisia planthoppers (Tallamy and Denno 1979) . Third, the tidal range is high along most of the Atlantic coast including locations far to the south in Florida and Georgia (Tide Tables 1992). Thus, even though living culms persist during winter along the Atlantic coast of the southern United States, they incur long periods of inundation, and do not grow tall enough for exploitation until later in spring (Denno and Grissell 1979) . Consequently, although the window of opportunity for low-marsh occupancy is wider along the Atlantic coast from Florida to North Carolina, it nonetheless does close during winter and dispersal becomes a necessary strategy for the exploitation of this marsh habitat. Because high-marsh and low-marsh habitats are typically separated by distances greater than the ambit of brachypters (Denno et al. 1980 , Denno 1994b , only macropters can colonize the low-marsh habitat in spring and escape it in fall before the onset of winter (Denno and Grissell 1979 , Denno et al. 1980 , Antolin and Strong 1987 . Indeed, large accumulations of exclusively macropterous adults can be seen annually in spring as they colonize previously unoccupied patches of tall-form Spartina (Denno 1983 (Denno , 1988 .
Low-marsh habitats are far more persistent along the Gulf coast (Kurz and Wagner 1957 , Turner 1976 , Denno and Grissell 1979 , Stout 1984 , and P. marginata is much less prone to disperse in this region (Figs. 4  and 7) . The equitable climate, lack of ice formation, year-round growth of Spartina, presence of litter, and reduced range and diurnal frequency of tides (Kirby and Gosselink 1976 , Turner 1976 , Denno and Grissell 1979 all undoubtedly contribute to the increased ability of P. marginata to remain through winter in low-marsh habitats. Yet, dispersal capability in P. marginata is not lost altogether in this region (Fig. 4) . We do not argue that low-marsh habitats are altogether persistent along the Gulf, only that they are much more stable here than along the Atlantic coast. Indeed, populations of this species fail to survive during winter on the smallest of Spartina islets located in the lowest portion of the tidal range (Antolin and Strong 1987). However, we show that on average, 40% of P. marginata populations occur in the mainland strand of tallform Spartina habitats during winter (Fig. 3) , and Antolin and Strong (1987) report successful overwintering on large Spartina islands as well. We contend that much lower levels of dispersal are required along the Gulf coast for P. marginata to exploit its primary, lowmarsh habitat. Nonetheless, spring bouts of dispersal by macropters do occur along the Gulf, resulting in the colonization of extirpated habitats in the lowest portion of the Spartina marsh (Antolin and Strong 1987).
Because P. dolus both develops and successfully overwinters primarily in the same habitat on the high marsh along the Atlantic and Gulf coasts (Figs. 2 and  3) , dispersal by flight is not essential for most individuals to locate suitable host plants (Fig. 5) . As a consequence of high habitat persistence, average levels of dispersal are similarly low in both the Atlantic (8% macroptery) and Gulf coast regions (6% macroptery) (Fig. 6) . The frost-free climate, year-round growth of Spartina, and low tidal energy in southern and Baja California (Neuenschwander et al. 1979 , Zedler 1982 , 1993 , Zedler et al. 1992 ) suggest that planthopper habitats there are persistent. The occurrence of high densities of P. dolus during "midwinter" in the only patches of Spartina present is consistent with the notion that habitats are persistent in this region (Appendix). However, it is difficult to argue that planthopper habitats are more persistent in this region than along the Gulf coast, where winters are no more harsh and tidal ranges are slightly less (Pearce and Smith 1990, Tide Tables 1992 Tables , 1993 .
We suggest that the extremely low levels of dispersal seen in California populations of P. dolus result from selective pressures associated with habitat persistence as well as isolation. In a patchy environment over time, the constant loss of winged dispersers from isolated patches results in a rapid increase in the proportion of nondispersers to dispersers (Roff 1986b, 1990) . The configuration of planthopper habitats in southern California conforms to such a situation in which most dispersal would be disadvantageous. There, Spartina marshes are nestled in isolated bays and are widely separated by uninhabitable coast (Zedler 1982 , 1993 , Zedler et al. 1992 ). For instance, the marsh at Point Mugu occurs nearly 100 km north of the next nearest Spartina marsh complex in the Anaheim-Newport area, which occurs 130 km north of the next nearest Spartina marshes in Mission Bay (Zedler 1982) . Similarly, most of the Spartina marshes in Baja California are separated by distances of 100 km or more (Roberts 1989). Furthermore, within most of these isolated marshes, Spartina grows as a fragmented archipelago of very small, isolated patches (Zedler 1993), a situation which differs from the extensive expanses of Spartina that occur along most of the Atlantic and Gulf coasts (Adams 1963, Duncan 1974 , Turner and Gosselink 1975 , Turner 1976 , Stout 1984 .
That habitat isolation influences dispersal capability can be seen in the density-wing form responses of New Jersey and East Tampa populations of P. dolus (Fig.  8) . High-marsh habitats are persistent at both locations, but Spartina is very patchy at its southern limit in East Tampa (Duncan 1974 , Turner 1976 ). Although relatively low levels of macropters are produced under crowded conditions for both populations, significantly fewer macropters are produced in the East Tampa population. Overall, however, it appears that selection imposed by habitat persistence, coupled with high levels of gene flow, has had a stronger influence on the evolution of dispersal strategies in local Prokelisia populations than has selection imposed by habitat isolation.
Our argument for the role of selection in determining the dispersal strategies of Prokelisia planthoppers is strengthened by data that suggest that intraspecific variation in the dispersal capability of both Prokelisia species has a genetic basis. The evidence for this assertion stems from our common-garden experiment in which the production of macropters in Atlantic and Gulf coast populations of both Prokelisia species paralleled field levels of macroptery observed in the source populations (Fig. 8) . Although our experiment was potentially confounded by maternal effects, which have been shown to influence wing form in some insects (Dixon 1985 , Messina 1987, 1993, Dingle 1991) , previous studies on planthoppers including P. marginata have indicated that maternal effects on wing form are nonexistent or weak at best (reviewed in Denno et al. 1991 ). Thus, the most plausible explanation for the geographic variation in wing form in both Prokelisia species is that it reflects genetically based differences in dispersal strategies. The selective differences operating to maintain the striking contrast in the dispersal strategies of Atlantic and Gulf coast populations of P. marginata must be great, since the populations differ despite high levels of gene flow across peninsular Florida (M. A. Peterson and R. F Denno, unpublished data).
To date, the vast majority of evidence supporting the habitat persistence-dispersal hypothesis is qualitative and based on crude estimates of habitat variability (see Southwood 1962 and Roff 1990 for a discussion). Many of these assessments have shown a tentative link between habitat persistence and interspecific variation in dispersal (Southwood 1962 , Vepsalainen 1978 , den Boer et al. 1980 , Brown 1986 , Roff 1990 . However, most studies are compromised by the failure to control for possible phylogenetic nonindependence (but see Denno et al. 1991) . Herein, we capitalized on intraspecific variation in dispersal capability (percent macroptery) to examine the relationship between habitat persistence and dispersal, thereby minimizing possible phylogenetic effects. To establish this relationship, we employed a rigorous assay of habitat persistence based on the ability of Prokelisia planthoppers to endure winter in their primary habitat for development. The results of this study provide the strongest evidence to date that intraspecific variation in the dispersal capability of insects is inversely related to the persistence of their habitats. 
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